Hordeum vulgare in the first and second leaf stage excluded chloride and sodium when these ions were at high external concentrations. Inside the roots chloride and sodium were at lower than external concentrations, even after 5 days in media of 50 and 100 m-equiv/l sodium chloride. At high transpiration rates the ascending sap attained only between I· 5 and 4 % of the medium concentration, showing that most of the water flowed through regions of low chloride permeability.
INTRODUCTION
On saline media, shoots of Hordeum vulgare do not export chloride (Greenway and Thomas 1965) and there are thus two principal ways of regulating the chloride concentration of the shoot:
(1) Rapid increases in weight of the shoots, producing a dilution effect (Greenway and Thomas 1965); (2) A restricted chloride transfer to the shoot. In the present experiments studies of chloride uptake by roots and chloride transfer to the shoot on media of high sodium chloride concentrations were made.
Nearly all experiments on ion uptake by intact plants have been with low ionic concentrations in the medium, and the majority of workers hold that such ion uptake is related to active processes (Brouwer 1954 (Brouwer , 1956 Jackson and Weatherly 1962) . However, a passive pathway for chloride uptake by pea shoots was proposed by Hylmo (1953) , who based his opinion on the pronounced relationship between chloride uptake and transpiration. Similar relationships were found by Brouwer and by Jackson and Weatherly; nevertheless, inhibitors reduced ion uptake without reducing transpiration, and osmotic agents reduced only the flow of water, not the ion uptake. In other cases no relationship between ion uptake and transpiration is found (van den Hoonert, Hooymans, and Volkers 1955) .
Passive uptake, though relatively small, might contribute significantly to ion uptake when plants are grown in solutions of high ion concentration. In the present experiments the chloride uptake of H. vulgare plants was separated into active and passive processes by the use of inhibitors. Effects of different transpiration rates on both active and passive chloride uptake were determined.
Chloride uptake, over long periods, is much greater at low than at high nutrient concentration of the medium (Reifenberg and Rosovsky 1947; Greenway 1963) . The effects of inhibitors on chloride uptake at low and high nutrient concentrations were determined.
II. METHODS (a) Materials and General Procedures
H. vulgare (cv. Bolivia) was transplanted from river sand into water cultures when the first leaf had half-developed.
Unless otherwise stated, nutrient concentrations were half those of Arnon and Hoagland (1940) . All solutions were aerated and transpiration was measured by weight loss.
36CI was added to the solution (as Na 36 Cl) at a concentration to give satisfactory counting rates: from 0·5 ""c/l for sodium chloride at 1 m-equiv /1 to 4 ""c/l for sodium chloride at 150 m-equiv/l.
During harvest two replicates were obtained, each by pooling nine plants which had been treated in three separate dishes. Plants were separated into shoots and roots for analysis. Roots were rinsed for 3 min in cold distilled water. Samples were dried at 80°C, ground, and chloride uptake measured by counting 36Cl with a mica end. window counter (Greenway and Thomas 1965) .
In some experiments, as indicated in the tabulations or in captions to the figures, total chloride was determined by electrometric titration (Best 1950) . Sodium and potassium were determined by flame-photometry.
Other experimental details are described in Section III.
(b) Experimental
(i) Short-term Ohloride Uptake by Roots and Shoots.-Chloride uptake during a 2-5-hr period was measured at the first to second leaf stage. In most experiments the plants were low in chloride when the experimental period started, i.e. chloride was derived from the seed and impurities in the nutrient solutions. Sometimes plants were pretreated for c. 3 days with sodium chloride before measurement of chloride uptake from the medium was commenced.
Different transpiration rates were obtained by placing the plants in ordinary glasshouse atmosphere, in a humidity box, and by circulation of heated air.
The inhibitors 2,4-dinitrophenol (DNP) and carbonyl cyanide m-chlorophenylhydrazone (CCP; cf. Hey tIer 1963), both inhibitors of oxidative phosphorylation and active ion uptake, were used to assess active and passive components of chloride uptake. DNP was used at a concentration of 1 mgjl, unless otherwise stated.
To study effects of differences in nutrient concentrations, plants were transferred to dilute nutrient at least 6 hr before the test commenced.
(ii) Ohloride and Sodium Ooncentrations in the Root after Prolonged Sodium Ohloride Treatment.-Roots were excised from plants in the third leaf stage. These excised roots and intact plants were treated with sodium chloride at concentrations of 1, 50, and 100 m-equivjl. Two replicates of excised and attached roots, each consisting of five root systems, were sampled at 7 and 24 hr. Samples from intact plants were also taken at 120 hr. Roots were rinsed in solutions of the same sodium chloride concentrations as those in which they had been treated, and at 120 hr additional samples were rinsed for 3 min in distilled water. Fresh and dry weights were determined and chloride and sodium concentrations, in m-equivalents per litre of plant water, were calculated. For plants harvested at 120 hr, apparent free space was obtained from the differences in chloride concentration between roots rinsed in the sodium chloride solutions and those rinsed in distilled water.
(c) Terminology
Active ion uptake*.-The process whereby an ion is moved against the electrochemical potential gradient, and is therefore dependent on decrease in free energy in some metabolic process. In the present paper active chloride uptake was determined by the use of inhibitors and is considered equal to the inhibitor-sensitive uptake. No electrochemical potential gradients were determined, thus active chloride uptake would be related to active transport processes but could have been due to active transport of a cation.
Pa88ive ion uptake*.-Ion uptake by diffusion or mass flow, with no metabolic processes involved. In the present paper it is considered equal to the inhibitorin8en8itive uptake. If it occurs through membranes it is also referred to as leakage. * Membrane8*.-Lipoprotein membranes, being either the plasmalemma (outer surface of cytoplasm) or tonoplast (boundary between cytoplasm and vacuole).
Free 8pace*.-That part into which solute and solvent from external solution move readily.
Water free 8pace*.-Equivalent concentrations of cation and anion; measured by penetration of an anion at low temperatures. Donnan free 8pace*.-Usually a negatively charged area where cation concentrations are higher, and anion concentrations much lower, than in external solution. Measured by difference between cation and anion penetration.
I njlux*.-Total ion uptake; ejJlux* is total ion loss and therefore net ion uptake (net jlux) = influx-efflux.
Flux equilibrium*.-When net flux = O.
Halophyte.-A salt-tolerant species native to saline habitats.
III. RESULTS

(a) Ohange8 in Ohloride Uptake during a Long Sodium Ohloride Treatment
Chloride uptake during 3 days of sodium chloride treatment was determined ( Fig. 1) , so as to relate the present short-term experiments to previous experiments in which the first harvest was at least 24 hr after application of sodium chloride. There were three early harvests at 1, 2, and 7 hr, followed by harvests at 22, 33, 45, and 69 hr after sodium chloride application (Fig. 1) .
Chloride uptake by the shoots was much lower during the night than during the day [ Fig. l(c) ], being at least partly related to differences in transpiration rates (see tabulation, p. 261).
In both shoots and roots, chloride concentrations increased rapidly at first and less rapidly later [Figs. l(a) and l(b)], and the same pattern was found for total chloride content of the roots [ Fig. l(d) ]. In contrast, the total chloride content of the shoots increased linearly with time [ Fig. l(c) , 24-hr periods] . However, rate of chloride uptake (m-equiv/g dry weight/day) decreased in the shoots, though not as strongly as in the roots [ Fig. l(e) ].
After 3 days of sodium chloride treatment, chloride uptake from the medium by shoots and roots was measured (by 36CI uptake) and compared with the chloride uptake by "low-chloride" plants. * Shoots of the high-chloride plants took up much less chloride from the medium than shoots of the low-chloride plants [cf. Fig. 2(a) ]. For the shoots the peroentage reduction in uptake due to pretreatment was 2·2/4·9 = 45%,t which is in good agreement with the 40% reduotion in the rate of chloride uptake during prolonged sodium ohloride treatment [ Fig. l(e)-third day as oompared with first day]. The deoline in rate of chloride uptake during a prolonged sodium chloride treatment was, therefore, due to a decreased total ohloride intake, and not to export. The reduoed chloride intake might be direotly related to the high chloride status of the tissues (of. Steward and Sutoliffe 1959) , or alternatively to ohanges in metabolism due to prolonged sodium ohloride treatment.
The reduotion in chloride uptake, due to pretreatment with sodium chloride, was mainly at the expense of the DNP-sensitive uptake [ Fig. 2(b) ].
(b) Chloride and Sodium in Attached and Excised Roots
No true equilibrium with the solution oan be expeoted for shoots, beoause shoots have no appreoiable ohloride export (Greenway and Thomas 1965) . However, it is relevant to oompare ion oonoentrations inside the roots with those of the medium * Plants of this experiment were grown at the same time as those of the experiment presented in Figure 1 ; during the 3 days preceding the test the low-chloride plants were in nutrient solutions and the others in solutions containing sodium chloride at a concentration of 50 m-equiv/l.
t In high-chloride plants, most of the chloride taken up by the roots would have replaced previously absorbed chloride, and this chloride would mainly flow to the shoot (Greenway and Thomas 1965) . Thus the total chloride uptake by the shoot was about 1·8+0·9 = 2·7 ,..-equiv; and the reduction in chloride uptake due to pretreatment was 4·9-2·7 = 2·2 ,..-equiv. Figure 1 , chloride uptake being determined over a 2-hr period 70 hr after application of sodium chloride to the high-chloride plants. At the end of the test period, chloride concentration (electrometric titration) in Chevron shoots and roots was 0·05 and 0·03 m-equiv/g, respectively, for the low-chloride plants, and 0·7 and 0·4 m-equiv/g, respectively, for the high-chloride plants.
Chloride concentration for Bolivia shoots and roots is shown in Figure 1 . (b) Effect of dinitrophenol (DNP) at a concentration of I mg/l on uptake of chloride (as measured by 36Cl uptake) by the whole plant and shoots of H. vulgare cv. Chevron from a solution containing 50 m-equiv 11 sodium chloride. 
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I I I , 07 24 120 ( Fig. 3) . Excised roots and roots from intact plants had similar ion concentrations [Figs. 3(a), 3(b) ], showing that net ion uptake by roots was not affected by chloride and sodium transfer to the shoots.
As expected, chloride and sodium concentrations of control roots were higher than the solution concentrations. However, in plants treated with high sodium chloride, chloride and sodium concentrations were much lower than in the solutions [Figs. 3(c), 3(d) ], even though ions in the free space contribute to the root concentrations. The apparent free space estimate of 20% of total volume was used to calculate the concentrations in the other parts (i.e. parts other than the free space) of the roots [Fig. 3(e) ] and the very low concentrations at 7 and 24 hr are noteworthy.
(c) Effects of Low Temperature on Ohloride, Sodium, and Potassium Uptake
Excised roots of 6-day-old plants were treated with sodium chloride at a concentration of lOO m-equivjl for 6 hr at 3 and 23°0. There was a large ion uptake at the higher temperature but there was no detectable uptake at the lower temperature, as indicated in the following tabulation:
* Determined by electrometric titration.
(d) Effects of Inhibitors on Ohloride Uptake
Roots of intact plants were treated with the inhibitors dinitrophenol (DNP) carbonyl cyanide m-chlorophenylhydrazone (OOP), and nitrogen. Effects of concentration of these inhibitors and their time of application on chloride uptake by roots and shoots were studied.
(i) Nitrogen.-The replacement of air by nitrogen depressed chloride uptake (as measured by 36 01 uptake) from a medium containing sodium chloride at a concentration of 50 m-equivjl. Upon resumption of aeration after 5 hr the rate of chloride uptake increased, as indicated in the following tabulation, but control levels were not always attained. (ii) DNP.-Ohloride uptake (as measured by 36 01 uptake) by the shoots was reduced to a similar extent by DNP concentrations of 1 and 2 mgjl (Fig. 4) . Mter removal of the inhibitor from the medium, there was a partial recovery in the rate of chloride uptake, reaching control levels after DNP at 1 mg/l had been removed following 1 hr oftreatment [Figs. 4(a), 4(c), 4(e) ].* In the roots, rate of chloride uptake was sometimes higher after DNP removal than in the controls (no DNP treatment).
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0 1 3 6 9 0 1 3 6 9 (iii) CCP'-The effects of CCP on chloride uptake (as measured by 36Cl uptake) over a 2-hr period from a medium containing 1 m-equiv/l sodium chloride by shoots and roots are indicated in the following tabulation. The effects of DNP at a concentration of 1 mg/l are included for comparison.
Uptake by (as % of Uptake by (as % of
In both shoots and roots CCP at 0·1 mg/l had the same effect on chloride uptake as DNP at 1 mg/l. CCP at O· OJ mg/l had a less pronounced effect, though even then the chloride uptake by the shoots was strongly reduced.
* Similar results were obtained in another experiment with 1 mg/l DNP and sodium chloride at 50 m-equiv/l.
(e) Chloride Uptake at Different Concentrations of Sodium Chloride in the Medium
These experiments determined effects of external concentrations on both DNP -sensitive and DNP -insensitive chloride uptake. Total chloride uptake increased rapidly between 0 and 10 m-equiv/l sodium chloride in the medium, and then rose much more slowly between 10 and 50 m-equiv/l [Figs. 5(a) and 5 chloride uptake, particularly the shoot uptake. For the shoots, DNP-insensitive chloride uptake increased linearly with sodium chloride concentration [ Fig. 5(a) ].
In the roots DNP-insensitive uptake rose rapidly at first, but above 10 m-equiv/l it also increased linearly with external sodium chloride concentration [ Fig. 5(b) ]. The DNP-sensitive chloride uptake increased rapidly to about 10 m-equiv/l in the medium, and further increases in sodium chloride concentration had only little effect on this chloride uptake [ Fig. 5(c) ].
Application of sodium chloride at concentrations higher than 50 m-equivjl resulted in a temporary wilt. It is therefore preferable to pretreat seedlings with the desired sodium chloride concentrations. Chloride uptake from the medium by plants pretreated with 5, 50, 100, and 150 m-equivjl sodium chloride is shown in Figure 6 . Above 5 m-equivjl in the medium, both total and DNP-insensitive uptake by the shoots again increased linearly with sodium chloride concentration [ Fig. 6(a) ].
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In the roots these increases also occurred but became less pronounced at the higher medium concentrations [ Fig. 6(b) ]. DNP-sensitive chloride uptake did not increase above sodium chloride concentrations of 5 m-equivjl and for the shoots it decreased [Figs. 6(c) and 6(d) ]. The increases in chloride uptake, when the concentrations in the medium were raised above 5 m-equivjl, were therefore entirely due to DNP-insensitive chloride uptake.
(f) Effect of Nutrient Concentrations
Plants were transferred to solutions containing nutrients at concentrations one-fortieth those of Arnon and Hoagland (1940) , or to distilled water, 6 hr before the commencement of the test. The different nutrient treatments, varying from no nutrient to full strength nutrient, were imposed at the time of sodium chloride application, which was at 1, 5, and 50 m-equivJl.
Chloride uptake by roots and shoots decreased with increasing nutrient concentrations for all sodium chloride levels (Fig. 7) . Chloride uptake by roots in media containing only sodium chloride was higher than for roots in the diluted nutrient solution, but these media gave a similar chloride uptake by the shoots [ Fig. 7(a) ; sodium chloride at 1 m-equivJI]. This might be due to the presence, at the transfer site* to the shoot, of nutrient ions which leaked from root cells. At 50 m-equivJI sodium chloride the decreased chloride uptake by the shoots, due to high nutrient concentration, was entirely at the expense of DNP-sensitive chloride uptake, i.e. DNP-insensitive uptake was not affected by differences in nutrient concentrations [ Fig. 7(c) ]. In previous long-term experiments with H. vulgare plants and with sodium chloride at a concentration of 50 m-equivJI, chloride concentration in the plant was highest in nutrient solution at one-tenth and intermediate in nutrient solution at one·fiftieth of the initial concentration, respectively, and lowest in undiluted nutrient (Greenway 1963) . The short-term tests showed a continuous rise in chloride uptake with decreasing nutrient concentrations, suggesting that the rather low chloride uptake of plants grown at the lowest nutrient level (Greenway 1963 ) was caused by their reduced health. Such a reduced chloride uptake upon injury of the roots is quite likely, because at 50 m-equivJI sodium chloride about 60% of the chloride uptake is active (Fig. 5) .
(g) Effects of Transpiration
There were five separate experiments at sodium chloride concentrations of 50 m-equivJl. Data for two experiments are shown in Figure 8 and results for the other three experiments were similar unless stated in the text.
* Transfer site to the shoot could, for example, be located in the endodermis, or inside the stele.
Increased transpiration resulted in higher total and DNP-insensitive chloride uptake by the shoots [Figs. 8(a) and 8(d) ]. At low transpiration both types of chloride uptake were already substantial and further increases in uptake, due to higher transpiration, were not proportional to the amount of water transpired. At very high transpiration rates, induced by heated air, total and DNP-insensitive chloride uptake were only slightly higher than at moderate transpiration [ Fig. 8(a) ]. In general, chloride concentration of the ascending sap decreased with increased transpiration and for all five experiments the relationship is shown in Figure 9 . Variable effects on DNP-sensitive chloride uptake were found. For example, there was a distinct increase in the experiment presented in Figure 8 (f) and in one other experiment (Greenway, unpublished data) , but there were not appreciable effects in the other three experiments [see Fig. 8(c) ]. Also chloride uptake from a medium with 1 m-equiv/l sodium chloride, which is almost entirely DNP-sensitive (see tabulation, p. 256), was not affected by transpiration [ Fig. 8(g) ].
In the roots the results were also variable. Transpiration increased total and DNP-insensitive chloride uptake in most experiments [Fig. 8(e) , and two other experiments (Greenway, unpublished data) ], but total chloride uptake decreased at high transpiration rates [ Fig. 8(b) ].
Chloride uptake (as measured by 36CI uptake) from a medium containing 50 m-equiv/l sodium chloride over a 2-hr period (9 a.m.-ll a.m.) was lower in the dark than in the light, and uptake was very low at night (9 p.m. 
IV. DISCUSSION (a) Nature of Inhibition
At low ion concentrations in the medium, inhibitions of ion uptake are due to a reduced active ion uptake or to an increase in effiux due to an increase in permeability. However, at the high sodium chloride concentrations used in the present experiments an increased permeability would enhance rather than reduce chloride influx, particularly for the shoots. Thus the decreased chloride uptake in the presence of inhibitors and the incomplete recovery of chloride uptake after inhibitor removal suggest that permeability was not appreciably affected and that active chloride uptake was inhibited. The suggestion is further supported by the results in the following tabulation which shows that nearly all chloride taken up by the roots during the previous 3 days was retained despite a subsequent treatment with DNP for 2 hr. * Determined by electrometric titration, and includes the chloride taken up during the 2-hr test period (see Fig. 6 ), as well as during the 3 days of pretreatment.
Inhibitors might not be fully effective in preventing active ion uptake (Brouwer 1956 ); however, in the present experiments with low chloride concentration in the medium, DNP reduced uptake by the shoot to c. 10% of the control (see tabulation, p. 256; Fig. 5 ). The much higher DNP-insensitive uptake in the 50 m-equivjl sodium chloride treatment (about 40~50% of the uptake by the plants not treated with DNP) was, therefore, mainly due to a passive transfer of ions to the shoots. For the roots, increases in the concentration of the medium also strongly increased DNPinsensitive uptake [Figs. 5(b), 6(b) ], as well as its contributions to total chloride uptake [Figs. 5(e) and 6(g)]. A large part of the DNP-insensitive uptake by roots was, therefore, passive, at least at concentrations of 50 m-equivjl sodium chloride and higher.
However, inhibitors reduced chloride uptake more strongly in the shoots than in the roots. This may be due to some active chloride uptake by the roots even in the presence of DNP, as indicated by the following evidence:
(1) The steep rise in chloride uptake between sodium chloride concentrations of 0 and 10 m-equivjl, even in roots ofDNP-treated plants [Figs. 5(b), 6(b) ]. (2) The further reduction in root uptake when DNP concentration was increased from 1 to 2 mgjl (Fig. 4) . It is not clear why, at low medium concentrations, DNP reduced shoot uptake more than root uptake; the following causes can be suggested:
(i) Chloride transfer to the shoot requires a pronounced chloride accumulation in certain root cells, which is not attained in the presence of inhibitors. (ii) Part of the root tissue is not readily exposed to DNP. This tissue might preferentially accumulate any small amounts of chloride flowing towards the shoot during DNP treatment. (iii) Root cells are less sensitive to DNP than the transfer site to the shoot.
For example, shoot uptake might be due to an active secretion in the xylem (Steward and Sutcliffe 1959) which might be more sensitive to DNP than chloride uptake by root cells.
(b) Chloride Regulation by Roots and Shoots
The data presented in this paper demonstrate that H. vulgare regulates its internal chloride and sodium concentrations, even when grown on media of high sodium chloride concentrations. Similarly, the sap of H. vulgare roots was low in both chloride and sodium after 48 hr in media of high sodium chloride concentration (Broyer and Hoagland 1943) . However, Broyer and Hoagland presumably rinsed the roots in distilled water, and Bernstein (1961) showed that this procedure leads to a gross underestimate of solute concentration. In the present experiments this dilution was avoided by rinsing with solutions of the appropriate sodium chloride concentrations; and a pronounced ion regulation was demonstrated by the low internal chloride and sodium concentrations in the roots, even after 5 days of treatment with high concentrations of sodium chloride (Fig. 3) .
For the shoots, there is no chloride export (Greenway and Thomas 1965) and chloride transferred to the root xylem would nearly all flow to the shoots, because of the continuous upward water movement. Thus chloride regulation by the shoots must be due to a limited chloride transfer to the root xylem. Such an exclusion of chloride was demonstrated in the present experiments; for example, at high transpiration rates the ascending sap contained not more than 2· 5% of the chloride concentration of the medium, when this contained 100 or 150 m-equivjl sodium chloride (Fig. 6 ).
The concentration of chloride in the ascending sap depended on the transpiration rate and at sodium chloride concentrations of 50 m-equivjl in the medium it was 15 m-equivjl at low and 2 m-equivjl at very high transpiration rates (Fig. 9) . This pattern was also found for Viciafaba at sodium chloride concentrations of 10 m-equivjl in the medium (Brouwer 1956 ). Both these findings differ from the constant chloride concentration found in the transpiration stream of peas for large variations in transpiration rates (Hylmo 1953) .
Exclusion is less pronounced when the amount of the water entering the root is considered. Even then the amount was reduced, and at very low, medium, and high transpiration rates the amounts of water entering the root were 60, 12, and 6% of the external levels. A value of 25% for H. vulgare was reported by Broyer and Hoagland (1943) , presumably at low transpiration rates. Scholander et al. (1962) determined sodium chloride concentrations of xylem sap of mangroves growing at sodium chloride concentrations of about 400 m-equivjl in the field. In this species sodium chloride in the xylem sap was also reduced relative to the medium concentration, but chloride concentrations have reached values as high as 100 m-equivjl in some salt-excreting species.
(c) Reduction of Chloride Intake by Plants of High Chloride Status
During prolonged sodium chloride treatment, rates of net chloride uptake decreased with time [ Fig. l(e) J. This could have been due to exchange with the medium at a time when most root cells reached flux equilibrium (Briggs, Hope, and Robertson 1961) . Apart from any such increased effiux, there was also a decreased influx, i.e. plants of high chloride status took up much less chloride from the medium than plants of low chloride status (Fig. 2) .
This reduction in uptake from the medium was particularly pronounced in the shoots; however, during the test, shoots would receive additional chloride absorbed previously by the roots (cf. Greenway and Thomas 1965) . This transferred root chloride was included during the determination of net chloride uptake by the shoots during the third day of sodium chloride treatment [ Fig. I(e) ], but not during the short-term test between 70 and 72 hr [ Fig. 2(a) ]. This contribution of root chloride to net chloride uptake by the shoots resulted in higher net uptakes by the shoots than by the roots [ Fig. I(e) ]; even though shoots had a very small short-term chloride uptake from the medium (Fig. 2) .
High root chloride reduced only the active component of chloride uptake from the medium to the shoots (Fig. 2) and this reduction could be achieved in the following ways:
(1) A competition between chloride from the medium and chloride which has leaked from root cells for an active site of transfer to the shoot. (2) Chloride transported to the shoot is first absorbed by the root cells and mixed with previously absorbed chloride. If so, active uptake by the shoot would have the same composition as root chloride (i.e. the same proportions of chloride absorbed prior to the test and chloride absorbed during the test).
In assessing the composition of active chloride uptake by the shoots, the roots absorbed 1· 22 fL-equiv. chloride (measured as 36Cl uptake) during the test. At most, an equal amount of chloride, absorbed prior to the test, was displaced from the roots and actively transported to the shoots. Adding to this an active uptake of 0·56 fL-equiv. chloride from the medium to the shoots, measured by 36Cl uptake during the experiment, gives a maximum estimated active transfer to the shoots of 1· 78 fL-equiv. chloride. Of this, the contribution from chloride absorbed by the roots prior to the test was, at most, 1·22/1·78 = 70%, and almost certainly much lower.
At the end of the test, root chloride was 5·55 fL-equiv., of which 4·33 fL-equiv. had been absorbed prior to the test, i.e. a contribution of 80%. Thus, the contribution of previously absorbed chloride to total chloride content was higher for the roots than for active uptake to the shoots; and mixing was incomplete.
The extent of mixing is more difficult to assess. Chloride leaking from root cells could contribute as much as 50% * to free space chloride, and in that way compete for active transfer to the shoot. The values of 50 and 70% are not sufficiently different to exclude mechanism (1), i.e. all chloride taken up from the medium by the shoots, via active processes, might have flowed through the free space to a site of active transfer near the root xylem. This conclusion needs emphasis because, * The value of 50% is derived by assuming that all the chloride leaking from root cells remained in the free space during the 2 hr experimental period, and that the maximum rate of leakage equals the passive uptake by the root (DNP-insensitive uptake; Figs. 5 and 6). With a chloride free space of between 5 and 10%, perhaps a rather high estimate (cf. Pitman 1965) , this root chloride would contribute between 25 and 50% to the free space chloride and thus compete for active transfer to the shoots.
at first thought, a considerable absorption by root cells before transference to the shoots appears to be shown by the high contribution (70%) of chloride, previously absorbed by roots, to the active shoot uptake.
(d) Characteristics of Active and Passive Components of Chloride Uptake
A large proportion of chloride transfer to the shoot was a metabolically dependent process, i.e. it was reduced by nitrogen, DNP, and CCP (see tabulations, pp. 255, 256; Fig. 4 ) and is assumed to be an active process. This uptake rose to a maximum rate at a sodium chloride concentration of about 10 m-equivjl, and contributed between 40 and 60% to the total chloride in the shoot at a sodium chloride concentration of 50 m-equivjl (Fig. 5) .
Active uptake also contributed considerably to the chloride uptake by the roots, as shown by the reductions at low temperature and in the presence of inhibitors (see tabulations, pp. 255, 256; Fig. 4 ). Superimposed on this active uptake was a passive chloride uptake, which usually increased linearly with the concentration of sodium chloride in the medium (Figs. 5 and 6 ). At 50 m-equivjl sodium chloride this passive uptake contributed between 40 and 60% to the total chloride uptake by the shoot. At 150 m-equivjl sodium chloride the contribution is more difficult to assess because of the effect of high chloride status on chloride transfer from the medium to the shoot. However, taking the active component at a maximum of 0·8 m-equivjl in the xylem fluid, a passive component of 2·0 m-equivjl contributed about 70%.
At none of the external concentrations studied was active transfer rapid enough to maintain chloride concentrations in the root xylem higher than in the medium (Figs. 5 and 6 ). Hence the existence oflower concentrations in the ascending sap than in the external medium is not evidence for passive uptake, as was claimed by Hylmo (1953) .
The effects of various conditions on chloride uptake to the shoot are summarized in Table 1 .
(e) Pathway of Passive Chloride Uptake
Passive flow of chloride from medium to the shoots was not affected by high chloride in the roots (Fig. 2) , i.e. chloride from the medium was not diluted by chloride previously absorbed in the roots, showing that passive chloride intake by the shoots did not flow through that part of the root cells which contained most of the chloride.
There was no linear relationship between transpiration and passive chloride uptake by the shoots, which was already quite high at low transpiration rates (Fig. 8) .
Thus a large part of the water flowed through regions of low chloride permeability.
These two observations help in postulating possible pathways of passive chloride movement. However, a definite conclusion could only be reached if the pathway of water movement were clearly understood. During movement to the root xylem both water and ions could flow through three distinct regions, the water free space (W.F.S.), the Donnan free space (D.F.S.), and regions within membranes. For water flow, Hylmo (1953) postulated an equal rate of flow through all parts of the root cells, but it is more likely that there is at least a more rapid movement through cell walls than through cell membranes (Kramer 1956 ).
A reduction in chloride concentration could be achieved by water passage through membranes of low chloride permeability, or through a D.F.S. which would exclude anions to a certain extent.
Two extreme models can therefore be proposed: (1) All water passes through either W.F.S. or D.F.S. and chloride should then be excluded by the D.F.S. The relatively small increase in chloride uptake with increasing transpiration does not exclude this model, because at higher transpiration rates more D.F.S. might contribute to the path of the water movement. (2) At certain stages, all water passes through membranes of low chloride permeability.
The D.F.S. of barley roots is unknown, but a usual value for other species is 500 m-equivJI (Briggs, Hope, and Robertson 1961) . Such a D.F.S. concentration would· exclude nearly all chloride if present at low concentrations in the medium; but at higher external concentrations the chloride concentration in the D.F.S. would rise relatively faster than the external concentrations. At external sodium chloride concentrations of 100 and 150 m-equiv/l, the D.F.S. would contain c. 20 and 40 m-equivJI, respectively, of chloride (Briggs, Hope, and Robertson 1961) . However, the passive chloride intake by the shoots increased linearly with sodium chloride concentration of the medium, and the concentration of the xylem fluid was only 1·5 and 2·1 m-equiv/l in media of 100 and "150 m-equiv/l sodium chloride, respectively (Figs. 5 and 6) . It is therefore suggested that a large part of the water (about 85-90%) must have flowed through membranes of low chloride permeability, somewhere on its path to the xylem. Thus, mass flow of water would only have contributed between 10 and 15% to total water flow, which is in good agreement with a value of 25% obtained for tomatoes (Mees and Weatherly 1957) which was assessed from differences in pressure and osmotic permeability coefficients.
No distinct pathway for passive chloride flow can therefore be proposed, but the data suggest that a large part of the water flowed through cell membranes, and not only through W.F.S. and D.F.S.
(f) General Discussion
To understand regulation of chloride concentrations, as an important aspect of salt tolerance, comparisons between halophytes and non-halophytes are required. Moreover, differences between halophytes have to be considered. For example, in Atriplex nummularia and A. vesicaria, chloride uptake is very high at low sodium chloride concentrations, and further increases are small relative to increases in concentration of chloride in the medium (Black 1960) , indicating a significant contribution of metabolically dependent chloride uptake. A. hastata, on the other hand, shows a low chloride absorption from media of low chloride concentration (Black 1956 ), suggesting that chloride uptake from higher concentrations might be mainly by passive flow.
It is also unknown whether differences in chloride uptake by various nonhalophytes and by varieties of the same species are due to passive or active components of chloride transfer to the shoots. At the present stage, in the study of plant response to saline substrates, establishment of the overall patterns of chloride regulation, as described above, is perhaps more important than details ofthe pathways of active and passive chloride uptake.
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